In chemical structure elucidation, symmetric structures sometimes need careful handling. In the course of the development of a system for NMR-based structure elucidation, we have developed a method for processing chemical structures with high symmetry by applying an efficient algorithm for graph inference. In the present letter, we describe the outline of the algorithm by taking bibenzyl as an example. The method has been implemented to CAST/ CNMR, a system for NMR-based structure/chemical shift prediction.
Introduction
We have been developing CAST/CNMR, a data-centric system for chemical structure analysis based on NMR data [1] [2] [3] [4] [5] [6] [7] . CAST/CNMR consists of two modules for prediction These classical topics in chemoinformatics have been intensively studied in the last couple of decades [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The CAST/CNMR system has been developed for 20 years. The CAST notation is designed to give a canonical code for a chemical structure, which consists of notations of a topological connectivity, absolute/relative configuration, and conformational structures. The stereochemical information is described by using dihedral angles. In order to apply CAST/ CNMR to more various molecular systems, we have developed a method for handling highly symmetric molecules in CAST/ CNMR Structure Elucidator. In this present article, we will give a brief description about the new method as well as the application to bibenzyl for an instance.
CAST/CNMR Structure Elucidator is what follows:
Step I. Search substructures whose assigned chemical shifts corresponds to a part of the observed 13 C-NMR chemical shifts.
Step II. Construct a candidate structure by merging the substructures retrieved in step I on the basis of their maximal common parts.
For example, when three substructures in Figure 1 are retrieved in step I, the rightmost structure is constructed in step II [7] .
The elucidation, however, might fail when a correct structure consists of multiple same substructures or a recursive structure.
For example, consider bibenzyl in Figure 2 . Although the search result depends on the contents of the database, the substructures retrieved in step I can mostly contain a part of a phenyl group (A) and a structure containing an ethylene group (B). In this case, two substructures A must be assembled with B to form bibenzyl by identifying the same colored edges.
However, since the procedure merges substructures at the maximal common part, the second substructure A turns out to completely overlap with the first one. Hence, structure C, consisting only of the blue lines of the bibenzyl structure, is eventually elucidated.
In order to solve this problem, we have utilized an efficient algorithm for inferring a graph from path frequency proposed by Nagamochi [24] in the field of combinatorial optimization.
Graph inference problem
A graph inference problem is a question to infer a graph A bond type is not considered. For example, Figure 3 shows the required numbers of a chemical graph of phenol. If the required numbers are given, then the graph inference algorithm can be used to elucidate a structure.
Method and application
To show the concept of the new method, we give a demonstration that the bibenzyl structure is elucidated by the method from C in Figure 2 . The correct structure with chemical shift assignment is shown in Figure 4 (6) Now we are ready to apply the graph inference algorithm. Using the required numbers calculated in (4) and (5), a structure with C-shift assignment shown in Figure 4 (ii) is elucidated.
Conclusion
We have developed a new method to handle molecules with high symmetry in CAST/CNMR Structure Elucidator by applying a graph inference algorithm. The concept was demonstrated using bibenzyl. The new elucidator will be applied also to more complex structures.
We would like to mention that we have been preparing to open the CAST/CNMR program package to the public. Until then, contact any of the present authors, if interested in trying the program.
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